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INTRODUCTION

Tick-borne encephalitis (TBE) virus, which is a member of the genus Flavivirus in
the family Flaviviridae, causes fatal encephalitis in humans. It is a major arbovirus
that causes thousands of cases of severe neurological illness annually [1]. TBE is a
significant public health problem in endemic areas of the European and Asian countries
[2, 3]. Mortality rates vary from about 0.5 to 30%, and neurological sequelae can occur
in 30 to 60 % of survivors [4-6]

TBE virus (TBEV) is a positive-stranded RNA virus with a genome of ~11 kb that
encodes a long polyprotein in a single open reading frame (ORF), flanked by the 5~ and
3-untranslated regions (UTRs). The corresponding polyprotein is processed into
structural proteins, i.e., capsid (C), pre-membrane (prM), envelope (E) protein, as well
as non-structural proteins NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5 [7, 8]. The C
protein is associated with the genome RNA packaging and neuropathogenesis of TBEV
[9, 10]. The M protein is initially translated as a precursor protein known as prM [11],
forms a heterodimer with the E protein, and functions to protect the E protein. It is
known that the E protein is responsible for binding to cellular receptors, tissue tropism
and virulence, as well as for the induction of virus-neutralizing antibodies [12-14]. The
non-structural proteins play roles in the genome replication and the processing of viral
proteins. NS3 functions as a protease [15, 16], and helicase [17], and NS5 functions as a
methyltransferase [18], RNA-dependent RNA polymerase, and interferon antagonist
[19]. The 5- and 3-UTR are believed to be associated with the viral genome replication
[20, 21].

The 3-UTR of TBEV is divided into two domains; the 5’-terminal variable region



and 3-terminal core element. The core element is highly conserved among TBEV
strains. It’s reported that this element contains a sequence that is essential for the viral
genome replication [21].

The sequence and length of the variable region vary among TBEV strains. The
variable region is considered that it’s not involved in the ability of viral replication and
virulence in mice [22]. A deletion or insertion of polyA sequence exists in the variable
region of some strains [23]. Strains isolated from ticks and wild rodents do not contain a
deletion or insertion of polyA sequence in the variable region, and this region is
considered to be essential for the natural transmission cycle of TBEV [24]. In contrast,
deletions or insertion of polyA sequence in the variable region were found in strains
passaged in mammalian cell culture [22]. Deletions were also observed in the TBEV
strains isolated from human patients [22, 25, 26]. These reports suggest that the
deletion or the insertion of polyA sequence is caused by viral adaptation to mammalian
cells and is related to the viral virulence causing severe case in human. However, the
role of this region remains unclear.

Recently, it’s reported that subgenomic flavivirus RNA (sfRNA) is produced as the
product of degradation of viral genomic RNA in flavivirus infection [27, 28]. The
production of sfRNA is caused by one of the host exoribonuclease, XRN1. It’s believed
that sfRNA is involved in the virus replication in cultural cells and virulence in mice by
interfering with host protective responses, such as RNA interference machinery and
type I interferon (IFN) reaction [28].

IFN system is an important mechanism of the host’s first line of defense system
against virus infections [29-33]. Type I IFN is induced through the recognition of viral

signature molecules including double-stranded RNA (dsRNA), by pattern recognition



receptors (PRRs), such as the cytoplasmic retinoic acid-induced gene-I (RIG-I) family or
the membrane-bound Toll-like receptors (TLRs) [34, 35]. It’s reported that type I IFN
response has a critical role in the host’s defense against TBEV [36]. Some studies
showed that the NS5 protein of TBEV has a role of IFN antagonism by inhibition of
janus kinase-signal transducer and activator of transcription (JAK-STAT) signaling
[37].

Based on phylogenetic analysis, TBEV can be divided into three subtypes: the
Far-Eastern, European and Siberian subtype[4]. Each subtype causes different
symptoms and mortality [2, 4]. The Far-Eastern subtype is also known as Russian
spring summer encephalitis virus, and is prevalent in Far-Eastern Russia. This subtype
causes severe neural disorders such as encephalitis and meningoencephalitis with a
higher mortality rate up to 30 % [24, 38]. The European subtype produces biphasic
febrile illness and milder encephalitis, and the mortality rate is lower than 2% [39]. The
Siberian subtype also causes less severe disease (case mortality rate, 7 to 8%) than the
Far-Eastern subtype and is often associated with chronic disease [4].

The virus strain Sofjin-HO was isolated from a patient in Russia in 1937 and has
been used as a prototype of the Far-Eastern subtype [40]. It is also known to be highly
pathogenic in a mouse model. The strain Oshima 5-10 was isolated from a sentinel dog
in 1995 in the area in which a human case of TBE was reported in Japan, and was
classified as the Far-Eastern subtype of TBEV. Oshima 5-10 is less virulent than
Sofjin-HO in a mouse model [24, 41, 42]. The nucleotide homology between Oshima 5-10
and Sofjin-HO is high (96%) with differences of only 44 amino acids and a deletion of
207 nucleotides in the 3-UTR of Sofjin-HO (Table 1). However, no information exists

concerning the detailed mechanisms of different virulence in the two closely related



strains although they exhibit a high homology. Identifying the genetic factors associated
with the different virulence is expected to facilitate elucidation of the mechanism of
pathogenicity of TBEV.

Infectious cDNA clones are useful in investigating the genetic determinants of
flavivirus replication and pathogenicity. Infectious cDNA clones have been generated
for multiple flaviviruses, including yellow fever virus, West Nile virus, Dengue virus,
Japanese encephalitis virus, Omsk hemorrhagic fever virus and TBEV [24, 43-47]. In
previous studies, our group constructed full-length infectious cDNA clones of the
Far-Eastern subtype Oshima 5-10 and Sofjin-HO strains [48-50].

In the present study, I constructed recombinant viruses between the infectious
cDNA clones of the Far-Eastern subtype Sofjin-HO and Oshima 5-10 strains. The
virulence of the chimeric viruses was subsequently investigated in a mouse model. I
showed that the 3'-UTR variable region is an important factor that determines the
virulence of the Far-Eastern subtype of TBEV and tried to evaluate how the region is

related to the pathogenicity of TBEV infection.



MATERIALS AND METHODS

Cells

Baby hamster kidney (BHK)-21 cells and mouse neuroblastoma NA cells were grown
in Eagle’s minimal essential medium (E-MEM), supplemented with 8 and 10% fetal calf
serum (FCS), respectively. Human neuroblastoma SYM-1 cells were kindly provided by
Dr. A. Kawai (Research Institute for Production Development, Kyoto, Japan), and

maintained in E-MEM supplemented with 10% FCS.

Viruses

Viruses were prepared from infectious cDNA clones. Infectious cDNA plasmids of
parental Sofjin-IC and Oshima-IC (Sofjin-IC-pt and Oshima-IC-pt), which encode the
full-length ¢cDNA of the TBEV Sofjin-HO (GenBank accession no. AB062064) and
Oshima 5-10 (GenBank accession no. AB062063) strains, respectively, were prepared as

described previously [48, 50].

Infectious cDNA plasmids of the recombinant viruses listed in Figs 2a and 3a were
constructed by the replacement of the indicated regions between Sofjin-IC-pt and
Oshima-IC-pt using the indicated restriction enzyme sites. To construct infectious
cDNA plasmids of the recombinant viruses listed in Fig. 4a, the DNA fragments with
the indicated nucleotides of Sofjin were amplified by fused PCR and were inserted into
Oshima-IC using the Age I and Aat Il restriction enzyme sites. Oshima-IC/sofjinNS2AC
was constructed by site-directed mutagenesis as described below. To construct

infectious cDNA plasmids of recombinant Oshima-IC viruses with substitutions of



single amino acids, site-directed mutations were introduced into position 225 of NS2A,
and positions 778, 827, 832 and 862 of NS5 using the Quick Change II XL site-directed
mutagenesis kit (Agilent Technologies, CA, USA) as shown in Figs 3a and 4a.

To construct infectious cDNA plasmids of the recombinant virus
Oshima-IC/sofjin3-UTR_vari (Oshima_dLoop2/3/4) and Oshima-IC/sofjin3-UTR_core,
the fragment of the variable region (nucleotide 10377—-10551) and the core element
(nucleotide 10552—10894) of Sofjin-IC were amplified by fused PCR, and were inserted
into Oshima-IC using AscI and Spe I, as shown in Fig. 5a. The differences of
nucleotides and amino acids between Sofjin, Oshima and each recombinant virus are

shown 1n Table 1.

To construct infectious cDNA plasmids of the recombinant virus Oshima_dSL2/3,
Oshima_dSL4, and Oshima_polyA, the fragments with the deletion of nucleotide
10443-10567 or 10568-10649, or with insertion of 35 adenines between 10493 and 10494
respectively, were amplified by fused PCR, and inserted into Oshima-IC using AscI and

Spe (Fig. 7a).

The infectious cDNA plasmids were linearized with Spel and were transcribed into
RNA using the mMESSAGE mMACHINE SP6 Kit (Life Technology, CA, USA) as
described previously [51]. The mRNA samples were treated with DNase I and
precipitated with LiCl. The precipitated RNA was dissolved in 30 ul diethyl
pirocarbonate (DEPC) -treated water. BHK-21 cells were transfected with mRNA using
a TransIT-mRNA Transfection Kit (Mirus Bio, WI, USA) as described previously [49].

Two days post-transfection (dpi), recombinant viruses in the supernatant of the



RNA-transfected cells were harvested and were stored at -80 °C. All experiments using
recombinant viruses were performed according to the Law Concerning the Conservation
and Sustainable Use of Biological Diversity through Regulations on the Use of Living
Modified Organisms of Japan, a Japanese law ensuring compliance with the Cartagena
Protocol on Biosafety. All experiments using live viruses were performed in a BSL-3

facility.

Virus titration

Plaque assays were carried out with BHK-21 cells using 12-well plates. The cells
were inoculated with serial 10-fold dilutions of organ suspensions or culture medium
from infected cells (100 ul), and they were incubated for 1 hour at 37 °C before 1.5%
carboxy methyl cellulose in MEM (1 ml/well) was added. Incubation was continued for
3-4 days and the monolayers were stained with 0.1% crystal violet in 10% formalin
neutral buffer solution. Plaques were counted and infectivity titers were expressed as

plaque-forming unit (pfu) /ml.

Growth curve in cell culture

Subconfluent NA cells were grown in 24-well plates. Cells were inoculated with
each virus at a multiplicity of infection (MOI) of 1. Cells were incubated at 37 °C in 5%
COsq. The supernatant was harvested at 8, 16, 24 and 48 hours post-infection (hpi) and

stored in aliquots at -80 °C.

Animal model

Five-week-old female C57BL/6 mice (Jackson ImmunoResearch, PA, USA) were



inoculated subcutaneously with 1,000 pfu of virus. Morbidity was defined as the
appearance of 10% weight loss. Surviving mice were monitored for 28 dpi to obtain
survival curves and mortality rates. For the analysis of viral distribution in tissues,
serum, brain and spleen were collected from the mice at 1, 3, 5, 7 and 9 dpi. Organs
were individually weighed and homogenized, and prepared as 10% suspensions (w/v) in
PBS with 10% FCS. The suspensions were clarified by centrifugation (4,000 rpm for 5
min, 4 °C) and the supernatants were titrated by plaque assay on BHK-21 cells. All
procedures were performed according to the guidelines of the Animal Care and Use

Committee of Hokkaido University.

Histpathological examination

Three mice subcutaneously infected with 103 pfu of TBEV were killed at 7 and 9 dpi,
and formalin-fixed brains were routinely processed and embedded in paraffin, sectioned,
and stained with haematoxylin and eosin as described previously [52].
Immunohistochemical detection of TBEV antigens was performed using rabbit

polyclonal antibodies against E protein to detect TBEV antigens (1:500) [53].

Northern Blotting

Total RNA was extracted with ISOGEN (NIPPON GENE, TOKYO,
Japan) following the manufacturer's recommendations. The RNA (4 pg) was subjected
to denaturing gel electrophoresis in a 2% agarose and 2% formaldehyde gel followed by
transfer onto Hybond-N membranes (GE Healthcare, Buckinghamshire, UK).
Pre-hybridization and hybridization were carried out in digoxigenin (DIG) Easy Hyb

solution (Roche Diagnotics, Basel, Switzerland) at 68 °C by using 0.5 ng/ml of positive or



negative sense DIG-labeled (Roche Diagnotics) RNA for 3-UTR (nucleotide 10277-11100
of Oshima-IC-pt). After hybridization, the membranes were blocked and washed with
DIG Wash and Block Buffer Set (Roche Diagnotics). The bound probes were reacted
with alkaline phosphatase conjugated anti-DIG Fab fragments (Roche Diagnotics), and

the bands were visualized with CDP-Star (Roche Diagnotics).

Transfection and reporter assay

Transfection was performed by using X-tremeGENE HP DNA Transfection
Reagent (Roche Diagnotics) with according to the manufacturer’s instructions. NA cells
and SYM-1 cells were transfected with 1 pg of pISRE-Luc Cis-Reporter Plasmid (Agilent
Technologies) or 4 X IRF-3-Luc reporter plasmid (kindly provided by Dr. Rongtuan Lin,
Jewish General Hospital-McGill University, Montreal, Canada), respectively. Four
copies of the IRF-3-biding positive regulatory domain (PRD) I/III motif of the IFN-B
promoter are contained upstream of the luciferase reporter gene in the 4xIRF-3-luc
plasmid. At 24 hpi, the cells were inoculated with Oshima-IC-pt, Oshima/dSL2/3/4 or
Sofjin-IC-pt at a MOI of 1, respectively. To activate the ISRE promoter, NA cells were
treated with 500 U/ml mouse interferon (IFN) -a (PBL Assay Science, NJ, USA) at 24
hpi, and three hours after the treatment, the cells were collected. The SYM-1 cells were
collected at 48 hpi. The Cells were lysed and the luciferase activities were determined
by Luciferase Assay Systems (Promega, WI, USA) according to the manufacturer’s
instructions. All assays were carried out in triplicate, and the results expressed as

means =+ the SD.



Statistical analysis
P values of differences in virus titers were calculated using an unpaired Student’s

ttests.
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RESULTS

Replacement of the coding region for the structural proteins had no effect on virulence
The structural proteins of flaviviruses, especially the E proteins, have been
reported to be important for virulence [12-14]. To examine whether the structural
proteins are determinants of virulence in mice, Sofjin-IC/oshimaCME and
Oshima-IC/sofjinCME were constructed by replacement of the coding region for most of
the structural proteins (nucleotide 240-2291) with that of Oshima-IC-pt and
Sofjin-IC-pt, respectively (Fig. 2a). Although relatively lower growth was observed in
the chimeric viruses, infectious viruses were recovered (Fig. 2b). The pathogenicity of
the recombinant viruses was examined in a mouse model. C57BL/6 mice were infected
subcutaneously with 1,000 pfu of Sofjin-IC-pt, Oshima-IC-pt, Sofjin-IC/oshimaCME or
Oshima-IC/sofjinCME virus, and survival was recorded for 28 days. The mice inoculated
with each virus showed general signs of illness, such as reduced body weight, ruffled fur,
and neurological signs of trembling and hind-limb paralysis; however, the survival time
was longer and the mortality rate was lower in the mice infected with Oshima-IC-pt
than in those infected with Sofjin-IC-pt (Fig. 2c, Table 2). The viruses in which the
coding region for the structural protein were replaced (Sofjin-IC/oshimaCME or
Oshima-IC/sofjinCME) showed virulence similar to that of the parental Sofjin-IC-pt or
Oshima-IC-pt, regarding the survival curve, mean survival time and mortality in mice
(Fig. 2¢, Table 2). The results suggested that the difference in virulence between Sofjin

and Oshima strains was not due to the structural proteins.
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C-terminus of NS5 and the 3-UTR are associated with the difference in virulence
between Sofjin and Oshima strains

As the replacement of the coding region for structural proteins did not affect the
virulence, the other regions were investigated next. Recombinant Oshima-IC viruses
were generated by partial replacement of the regions except the coding sequence for
structural proteins, as shown in Fig. 3a. The growth of each chimeric virus was higher
than that of the parental Oshima strains (Fig. 3b). Mice were then infected with these
recombinant viruses. Compared with the Oshima-IC-pt virus, mice infected with each
recombinant virus showed a higher mortality and shorter survival time (Fig. 3c, Table
2). However, only mice infected with the Oshima-IC/sofjin NS5¢-3’-UTR virus, in which
the coding regions for the C terminus of NS5 and 3’-UTR were replaced with those of
Sofjin-IC, showed a similar virulence to that of mice infected with Sofjin-IC-pt,
regarding the survival curve, days of onset, mean survival time (significantly shorter
than that of Oshima-IC-pt) and mortality (Fig. 3c, Table 2). These results suggested
that the C terminus of NS5 and/or the 3-UTR was important for the difference in
virulence between the Sofjin-HO and Oshima5-10 strains (Table 1).

As Oshima-IC/sofjin NS2AC -4BN also showed a high pathogenicity with a short
survival time, recombinant Oshima-IC viruses with replacement of the genes for NS2A,
the N-terminal or C-terminal region of NS3, or the N terminus of NS4B were
constructed (Fig. 4a). No difference was noted in the amino acids of NS2B and NS4A
between the Sofjin-HO and Oshima 5-10 strains. The growth of each chimeric virus was
almost similar to that of the parental Oshima strain (Fig. 4b). The mortality of mice was
100% following infection of the chimeric virus with the N-terminus of NS3. However,

compared with Sofjin-IC-pt, the days to onset and survival time were longer in mice

12



infected with the chimeric virus. The mice infected with the other viruses showed
survival curves similar to the mice infected with Oshima-IC-pt, and no significant
difference was found in the mean survival time between each virus and the parental
Oshima-IC-pt. These results indicated that the difference in virulence between the
Sofjin and Oshima strains could also be attributed to the N-terminus of NS3, which

encodes a serine protease.

Partial deletion of the variable region of the 3’-UTR affects virulence

There are 4 amino acid differences in the C-terminus of NS5 and the nucleotide
differences in the 3’-UTR. The 3’-UTR can be divided into two regions; the variable
region which varies among TBEV strains, and the core element which is highly
conserved in its sequence. In the variable region, there are 2 nucleotide differences
between the Sofjin and Oshima strains, and a deletion of 207 nucleotides is present in
the variable region of Sofjin, as shown in Fig. 5a. In the core element, 12 nucleotide
differences are evident between the two strains. To identify the factor(s) that affects the
virulence in the coding regions for the C-terminus of NS5 and the 3’-UTR, I constructed
recombinant Oshima-IC viruses with a single amino-acid substitution in NS5 and
replacement of the variable region or core element of the 3-UTR, as described in Fig. 5a.
The virus titer of the supernatant of Sofjin-IC-pt infected cells was significantly higher
than that of each chimeric virus or Oshima-IC-pt infected cells. No significant difference
in each chimeric virus and Oshima-IC-pt viral titers was found (Fig. 5b). Mice were then
infected with each recombinant virus. Only the Oshima-IC/sofjin3’-UTR_vari virus, in
which the variable region was replaced with that of Sofjin-IC-pt, killed 100% of mice

and showed almost identical virulence to that of Sofjin-IC-pt virus, in terms of the

13



survival curve, days of onset and mortality. Conversely, the other recombinant viruses
showed a similar virulence to that of the mice infected with Oshima-IC-pt (Fig. 5c,
Table 2). These results suggested that the deletion in the variable region of the 3*-UTR
1s an important determinant of the difference in virulence between the Sofjin and

Oshima strains.

Effect of the deletion of the stem loop structures in the variable region of the 3’-UTR on
viral multiplication and pathogenicity

The RNA secondary structures of the variable region of the Sofjin and Oshima
strain were predicted by RNAfold (http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi) (Fig.
6). The variable region of Oshima has six stem loop (SL) structures (SL1 to SL6), while
the region including the SL2, SL3 and SL4 was deleted in Sofjin. To confirm whether
the specific RNA sequence or secondary structure of the region decides the different
virulence between Sofjin and Oshima, I next constructed Oshima-based mutant viruses
with the deletion of the SL2, SL3 and SL4 (Oshima-dSL2/3/4), SL2 and SL3
(Oshima-dSL2/3), or SL4 (Oshima-dSL4) (Fig. 7a). A recombinant virus with the
insertion of polyA sequence (Oshima_polyA) was also constructed to investigate the
effect of the insertion as seen in the other strains with high passage history in cultural
cells (Fig. 7a), such as Neudoerfl strain of the European subtype. The growth of the
mutant viruses were significantly lower than Sofjin-IC-pt and it was same level with
Oshima-IC-pt in NA cells (Fig. 7b). This result suggested that the partial deletion or the
insertion of polyA sequence did not affect viral multiplication in cultural cells.

The mutant viruses and parental viruses were infected into mice. All mutant

viruses with partial deletion or insertion of polyA sequence showed almost same
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virulence with Sofjin in the manner of survival curve, days of onset and mortality (Fig.
7c, Table2). There was no difference in the increased virulence by the each partial
deletion in the SL2 to SL4 structures of Oshima_dSL2/3 and Oshima_dSL4, indicating
that the both of the partial deletion of the region of SL2/3 and SL4 increased the
virulence in mice.

To examine the correlation between disease development and viral replication in
organs, the viral loads in the blood, spleen and brain were compared in mice inoculated
with the Sofjin-IC-pt, Oshima_dSL2/3/4, Oshima_dSL2/3, Oshima_dSIL4,
Oshima_polyA or Oshima-IC-pt viruses (Fig. 8). Transient viremia was observed in the
mice infected with each virus, which almost disappeared by 5-7 dpi. Increases in viral
replication were observed in the spleen after viremia (from 3 dpi). Compared with
Oshima-IC-pt, the viral titer in blood was lower in the mice infected with the other
viruses with the deletions or insertion. The viruses were detected in the brain by 7 dpi
in the mice inoculated with Sofjin-IC-pt ,the titers reached 1.1x108 pfu/ml and 3.4x10°
pfu/ml at 7 and 9 dpi, respectively, and were significantly higher than that in the mice
infected with each Oshima-based viruses or Oshima-IC-pt (p <0.05). No significant
difference was observed between titers in the brains infected with the each mutant
viruses and Oshima-IC-pt.

Histopathological features in the brains of mice infected with Oshima- IC-pt,
Sofjin-IC-pt or Oshima_dSL2/3/4 at 7 and 9 dpi were investigated (Fig. 9). At day 7,
there were few pathological changes in mice infected with each virus (data not shown).
However, at day 9, abundant viral antigens and pathological changes, such as
inflammatory cell infiltrations, small haemorrhages and necrotic or degenerated

neurons, were observed throughout the brains of mice infected with Sofjin-IC-pt and

15



Oshima_dSL2/3/4. Compared with Sofjin-IC-pt- and Oshima_dSL2/3/4-infected mice
brains, there were fewer virus-antigen positive cells and mild pathological changes in
the brains of mice infected with Oshima-IC-pt.

Taken together, these data suggested that the deletion in the variable region of
the 3-UTR did not increase virus multiplication, but enhanced the virulence in the

mouse brain.

Effect of the deletion in the variable region on the sfRNA production and IFN
antagonism

It has been reported that 3-UTR is related to production of subgenomic
flavivirus RNA (sfRNA). sfRNA has been shown to regulate pathogenicity and innate
Immunity in some flaviviruses infection, such as West Nile virus, Japanese encephalitis
virus and so on. I performed northern blotting analysis to confirm whether sfRNA is
produced during the infection of the Far-Eastern subtype of TBEV. As shown in Fig. 9,
two different sizes of sfRNAs (about 300 or 500 base) were produced in the infected
BHK-21 cells (Fig. 10). However, among the viruses, there was no difference in the size
of sfRNA and ratio of amount of sfRNA to genomic RNA (data not shown). This result
suggested that the deletion or insertion of polyA sequence in the variable region did not
affect the production of sfRNA, and that they were not directly associated with the
different pathogenicity between Sofjin and Oshima strains.

I next investigated the effect of the deletion or insertion of polyA sequence in
the variable region on the induction of interferon (IFN)-8 and interferon-stimulated
genes (ISGs) by reporter assay (Fig. 11). The promoter activity of IFN-8 was

significantly higher in cells infected with Sofjin-IC-pt than Oshima-IC-pt and the

16



Oshima-dSL2/3/4. The interferon-stimulated regulatory element (ISRE) promoter
activity was lower in the cells infected with Sofjin than those infected with
Oshima-based virus. No difference was observed by the deletion or the insertion of RNA
sequence in the variable region.

These results suggested that the deletion in the variable region affected

neither the sfRNA production nor the induction of the type I IFN and ISGs.
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DISCUSSION

In the present study, the important determinants of virulence were identified
between the Far-Eastern subtype Sofjin and Oshima strains of TBEV. I showed that
multiple viral factors affected the virulence cumulatively and that the variable region of
the 3’-UTR was a critical virulence determinant.

The E protein is thought to play a key role in determining the virulence of TBEV [54].
The E protein is expressed on the surface of mature virions and mediates virus entry
into the host cell by binding to cell surface molecules [7]. The E protein has been
suggested to be a crucial determinant of tissue tropism and neuropathogenesis during
flavivirus infection. Amino acid changes in the E protein have been reported to affect
the neurovirulence and neuroinvasiveness of tick-borne flaviviruses [14, 55-57].
However, the structural proteins, including the E protein, were not associated with the
different virulence between the Sofjin-HO and Oshima 5-10 strains.

Replacement of the N-terminus of NS3 increased virulence in mice. The flavivirus
NS3 encodes a serine protease domain at its N-terminal that is required for cleavage of
the polyprotein during viral replication [58]. It combines with NS2B and forms the
NS2B-NS3 protease complex as the activated serine protease [15, 59, 60]. Several
amino acid substitutions in the protease domain of NS3 can influence the activity of the
enzyme and the virulence of TBEV [42, 61, 62]. Seven amino acid differences in the N-
terminus of NS3 exist between Sofjin-HO and Oshima 5-10 strains. A previous report
suggested that the serine to phenylalanine substitution at position 45 affects TBEV
pathogenicity [42]. An identical substitution was also observed between the Sofjin-HO

and Oshima 5-10 strains. Therefore, this substitution might be associated with partially
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affecting the difference in virulence between Sofjin-HO and Oshima 5-10 strains.

The 3-UTR of TBEV consists of two distinct domains: the 5-terminal variable
region and 3-terminal core element [63, 64]. The core element shows a high degree of
sequence conservation among TBEV strains and contains sequences necessary for viral
genome replication, such as cyclization sequence [21]. The sequence of the variable
region varies among the TBEV strains and the role of this region is unclear. In a study
of the European TBEV subtype strains, deletion of the entire 3’-UTR variable region did
not affect viral multiplication in cultural cells or virulence in mice [22]. The discrepant
results obtained in the present study might be due to the use of different strains. As the
Neudoerfl strain used in the study of Mandl et a/ (1998) was highly virulent in the
mouse model (LD50<10), it is possible that deletion of the whole variable region did not
result in an increase in the virulence. Additionally, the Neudoerfl strain contains an
insertion of a polyA sequence in the variable region [22, 23] that is not present in most
other TBEV strains.

The sequence of the 3-UTR variable region varies among TBEV strains; however,
the role of this region remains unknown. Strains freshly-isolated from ticks and wild
rodents do not have a deletion in the variable region, and this region is considered to be
essential for the natural transmission cycle of TBEV [24]. Conversely, deletions in the
variable region of 3-UTR were found in many Far-Eastern subtype isolates from human
patients [25]. Mandl et alreported that the deletion in the 3-UTR occurred during
passage in mammalian cell culture or in mice [22]. Also, polyA sequence in this region
cannot be found in strains isolated from natural host. The strain Oshima 5-10, which
was isolated from a sentinel dog in nature with low passage history, doesn’t have

deletion in the variable region. On the other hand, the strain Sofjin-HO isolated from a
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patient with high passage history has a deletion in the variable region. Together, these
data suggest that the deletion caused by adaptation or selection in mammalian cells
affected increased virulence in mammals.

Increased inflammatory responses and lesions in the brain were observed by the
deletion in the variable region, although the deletion did not affect the viral
multiplication in the brain. These data suggested that the variable region might have a
role for the alteration of host responses in the brain. In this study, both of the partial
deletion of SL2/3 and SL4 (non-overlapping region) increased the pathogenicity. It has
been reported that several host proteins, such as La, p100, FBP1 and Mov34, bind to the
3’-UTRs of faviviruses [65-70]. The La protein was shown to bind to 5~ and 3-UTR of
Japanese encephalitis virus and to affect the viral multiplication process [70-72]. It
might be possible that the intact conformational structure which consists of SL2 to SL4
interacted with host factors involved in the pathogenicity. Reduction in viremia was
observed by the deletion in the variable region. Some study showed that immune
response in peripheral organ affected the viral pathogenicity in brain [73]. There is a
possibility that the difference in the multiplication in viremia might affect the host
peripheral immune response associated with the pathogenicity in brain.

A recent study of West Nile virus and Japanese encephalitis virus reported that
the subgenomic flavivirus RNA (sfRNA) was produced from the 3-UTR as a product of
the genomic RNA degradation by host exoribonuclease XRN1 and that sfRNA mediated
pathogenicity by interfering with host protective responses, such as the RNA
interference machinery and type I IFN response [27, 74]. IFN response is one of the
important innate immunity systems to clear viruses [29, 33, 75]. Some studies indicate

that viral factors such as sfRNA and the NS5 protein of TBEV have IFN antagonist
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activity [27, 28, 37]. In this study, the difference in the variable region between Sofjin
and Oshima did not affect the production in the sfRNA production. Furthermore, the
deletion in the variable regions did not affect the IFN-8 or ISGs induction. These data
suggested that unknown mechanism rather than sfRNA production or IFN antagonism
might be involved in the increased pathogenicity by the conformational changes in the
variable region.

In conclusion, I reported here that the variable region of the 3-UTR is an
important determinant of pathogenicity in mice. The deletion and insertion of polyA
sequence in the region affected multiplication in periphery but not in brain, resulting in
the severe pathological changes associated with the Far-Eastern subtype TBEV. These
findings encourage further research to identify the pathogenicity of TBEV and develop

prevention and therapeutic strategies for TBE.
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Table 1. Amino acid differences between Sofjin and Oshima.

replaced regions

of chimeric viruses

. Ammo acid | Amino acid differences
gemone region . - -
position Oshima Sofjin
5'-UTR - - -

32 Are Gl
C 43 Met Leu
64 Asn Lys
15 Val Leu
pM 171 Val Al
152 Ala Val
306 Val Met
E 462 Met Val
463 Ala val
58 Leu Val

T2 Val Ala
93 Phe Leu

NSl 138 Tle Thi
239 Asp Gly

346 Val Ile

52 Arg Lys
168 Ile Thr
NS2A 169 Ala Val

225 Val 1le

NS2B No difference

45 Phe Ser
62 Ser Tyr

63 Val 1le

68 Val Ala
76 Lys Arg
NS3 124 Gly Arz
184 Ile Thr

380 Thr Ala

485 Gly Ser

608 Arg His

NS4A No difference

24 Leu Val

NS4B 198 Ser Ala
227 Ser Gly
15 Lys Arg

101 Arg Lys
130 Met Val

519 Tyr His

634 Thr Ser
641 Phe Leu

NS3 677 Arg Gly

692 Val 1le
778 Phe Leu

827 Gly Ser

832 Val Ala

862 Arg Lys

3-UTR - - -
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Table 2

Table 2. Physical differences among mice infected with Sofjin-IC-pt, Oshima-IC-

pt or the recombinant viruses?.

Onset of disease Survival time Morbidity Mortality
(days) (days) (%) (%)
Sofjin-IC-pt 77£08%F 90+ ]5%k 100 100
Oshima-IC-pt 11.9+1.7 18.4+5.3 90 50
S ofjin-IC/oshimaCME 8.8+ 0.4%k  84+0.5%k 100 100
Oshima-IC/soffinC ME 96+18 15062 100 60
Oshima-IC/sofjinS'-UTR-C" 8.7+1.3%F 135+44 100 100
Oshima-IC/sofjin NS1-2A° 93+ 1.5%  13.7+32 100 90
Oshima-IC/sofjin N$2A“4B™ BA£0.7%F 110+ 2.4%* 100 90
Oshima/sofjinNS2A° 11.5+2.6 16.0 80 20
Oshima/sofjinNS 3" 82+ 1.1%% 129+47 100 100
Oshima/sofinNS3" 9.8£20 133£15 90 30
Oshima/sofjinNS4B"™ 95+16 18.0+5.7 100 80
Oshima-IC/sofjitNS4B -5 93+0.7%% 13.9+25 100 70
Oshima-IC/soffinNS$5-3'-UTR 1.7 £0.7%% 8.7 1.2%% 100 100
Oshima-IC/NS5-778L 10.0 + 0.8 17.8+5.0 80 40
Oshima-IC/NS5-8278 89+ 1.0%% 149+49 100 80
Oshima-IC/NS5-832A 96+15%  155£47 100 60
Oshima-IC/NS5-862K 98+18*% 17.4x37 100 50
Oshima-IC/3'-UTR-variable 86405 10.4+16*% 100 100

(dSL2/3/4)

Oshima-IC/3'-UTR-core 96+18 13.7+4.5 100 60
Oshima_dSL2/3 8.6+ 0 8%  97L (7w 100 100
Oshima_dSL4 82 0.4%k  97% (4% 100 100
Oshima_polyA 9.1+£0.7%%  10.0+ 1.1%* 100 100

a Five adult mice C57BL/6 were infected with Sofjin-IC/oshimaCME and

Oshima-IC/sofjinCME, and ten mice were infected with the others. One

asterisk (¥) or double astarisk (* *) denotes a significant difference

between Oshima-IC and the other viruses ( p<0.05 or 0.01) , respectively.
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Fig. 1 Recombinant viruses used in this study.

(a) Replacements of the structural and non-structural protein. (b) Amino acid

substitutions in NS5 and a replacement, deletions or an insertion in the 3’-UTR.
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Fig.2

Fig.2 Effect of replacement of the TBEV region encoding most of the structural proteins
on pathogenicity in mice. (a) Schematic representation of the genomes of recombinant
Sofjin-IC and Oshima-IC viruses. Sofjin-IC/OshimaCME and Oshima-IC/sofjinCME
were constructed by replacement of the coding region for most structural proteins
(nucleotide 240-2291) with that of Oshima-IC-pt and Sofjin-IC-pt, respectively. Sofjin-
IC and Oshima-IC regions are shown in gray and white, respectively. (b) Growth curve
of each virus in mouse neuroblastoma (NA) cells. NA cells were infected with each
virus at a MOI of 1. Viral titers at each time point were determined in BHK-21 cells.
The data are the means = SD of three independent experiments. *At 24 hours post-
infection (hpi), Sofjin-IC/oshimaCME and Oshima-IC/sofjinCME showed significant
differences from Oshima-IC-pt and Sofjin-IC-pt (p <0.05). TAt 48 hpi, a significant
difference was observed between Sofjin-IC-pt and both chimeric viruses, and Oshima-
IC/sofjinCME showed a significant difference from Oshima-IC-pt (p <0.05). (c)
Survival of mice inoculated with Sofjin-IC, Oshima-IC and the chimeric viruses. Mice
were inoculated subcutaneously with 1,000 pfu of Sofjin-IC-pt (closed square), Sofjin-
IC/oshimaCME (open square), Oshima-IC/sofjinCME (open circle) and Oshima-IC-pt

(closed circle).
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Fig.3

Fig.2 Effect of replacement of TBEV untranslated regions and the region encoding non-
structural proteins on the pathogenicity in mice.

(a) Schematic representation of the genomes of the chimeric viruses. Each Oshima-
based virus was constructed by replacement of the 5'-UTR and the N-terminus of C
(5'UTR-CY), the C-terminal region of E and NS1 and the N-terminal region of NS2A
(NS1-2AN), the C-terminus of NS2A and NS3 and the N-terminus of NS4B (NS2AC¢-
4BN), the C-terminus of NS4B and the N-terminus of NS5 (NS4BC¢-5N), or the C-
terminus of NS5 and the 3'-UTR (NS5¢-3'UTR) with the respective region of Sofjin-IC.
The Sofjin-IC- and Oshima-IC regions are shown in gray and white, respectively. (b)
Growth curve of each virus in NA cells. NA cells were infected with each virus at an
MOI of 1. Viral titres at each time point were determined in BHK-21 cells. The data are
the means=SD of three independent experiments. *At 24 hpi, Oshima-I1C/sofjinNS1-
2AN, Oshima-IC/sofjin5’ UTR-CN and Oshima-IC/sofjinNS4BC¢-5N showed significant
differences from Oshima-IC-pt, and Oshima-IC/sofjinNS5¢-3’'UTR and Oshima-
IC/s0fjinNS4BC-5N showed significant differences from Sofjin-IC-pt (p <0.05). tAt 48
hpi, a significant difference was observed between Sofjin-IC-pt and Oshima-IC/sofjin5’-
UTR-CN or Oshima-IC/sofjinNS5¢-3’'UTR, and between Oshima-IC-pt and the other
viruses (p <0.05). (¢) Survival of mice inoculated with Sofjin-IC-pt, Oshima-IC-pt, and
the chimeric viruses. Mice were inoculated subcutaneously with 1,000 pfu of Sofjin-1C-
pt (closed square), Oshima-IC/sofjin5’ UTR-CN (closed triangle), Oshima-IC/sofjinNS1-
2AN (open triangle), Oshima-IC/sofjinNS2AC-4BN (closed diamond), Oshima-
IC/s0fjinNS4BC-5N (open diamond), Oshima-IC/sofjinNS5¢-3'UTR (open square), or

Oshima-IC-pt (closed circle).
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Fig.4

Fig.4 Effect of replacement of the TBEV region encoding non-structural proteins (NS2A,
NS3 and NS4B) on the pathogenicity in mice.

(a) Schematic representation of the genomes of the chimeric viruses. Each Oshima-based
virus was constructed by replacement of the NS2A, the N- and C-terminal region of NS3
and the C-terminal region of NS4B with each of Sofjin-IC-pt. The Sofjin-IC-pt and Oshima-
IC-pt regions are shown in gray and white, respectively. (b) Growth curve of each virus in
NA cells. NA cells were infected with each virus at a MOI of 1. Viral titers at each time
point were determined in BHK-21 cells. The data are the means=+SD of three independent
experiments. *At 24 hpi., Oshima-IC/sofjinNS3¢ and Oshima-IC/sofjinNS4BN showed
significant differences from Oshima-IC-pt, and Oshima-IC/sofjinNS2AC, Oshima-IC/sofjin
NS3N and Oshima-IC/sofjinNS4BN showed significant differences from Sofjin-IC-pt

(p <0.05). TAt 48 hpi., significant differences were observed between Sofjin-IC-pt and the
other viruses (p <0.05). No significant differences between Oshima-IC-pt and each chimeric
virus were observed. (c) Survival of mice inoculated with Sofjin-IC-pt, Oshima-IC-pt and
the chimeric viruses. Mice were inoculated subcutaneously with 1,000 pfu Sofjin-IC-pt
(closed square), Oshima-IC/sofjinNS2AC (closed triangle), Oshima-IC /sofjinNS3N (open
triangle), Oshima-IC/sofjinNS3€ (closed diamond), Oshima-IC/sofjinNS4BYN (open

diamond), or Oshima-IC-pt (closed circle).
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Fig.5

Fig.5 Effect of substitutions of TBEV amino acids in NS5 and replacement of the 3’-UTR.
(a) Schematic representation of the genome of recombinant viruses. Single-amino acid
substitutions were introduced at NS5 positions 778 (NS5-778L), 827 (NS5-827S), 832

(NS5-832A), and 862 (NS5-862K) of Oshima-IC. The gray and white arrowheads indicate

amino acids derived from Sofjin-IC-pt and Oshima-IC-pt, respectively. Oshima-1C/sofjin3’

UTR_vari and Oshima-IC/sofjin3’-UTR_core are Oshima-IC chimeric viruses in which the
variable region and core element of the 3-UTR were replaced with those of Sofjin-IC-pt.
The gray lines indicate the regions derived from the 3’-UTR of Sofjin-IC-pt. The broken
line indicates the region lacking in Sofjin-IC-pt. (b) Growth curves of each virus in NA
cells. NA cells were infected with each virus at a MOI of 1. Viral titers at each time point
were determined in BHK-21 cells. The data are the means=SD of three independent
experiments. *At 24 hpi, the chimeric viruses except for Oshima-I1C/sofjin-3'UTR_core
showed significant differences from Sofjin-IC-pt (p <0.05). tAt 48 hpi, significant
differences were observed between Sofjin-IC-pt and the other viruses (»p <0.01). No
significant difference between Oshima-IC-pt and each chimeric virus was observed at 24
and 48 hpi. (¢c) Survival of mice inoculated with Sofjin-IC-pt, Oshima-IC-pt and the
chimeric viruses. Mice were inoculated subcutaneously with 1,000 pfu of Sofjin-IC-pt
(closed square), Oshima-IC/NS5-778L (closed triangle), Oshima-IC/NS5-827S (open
triangle), Oshima-IC/NS5-832A (closed diamond), Oshima-IC/NS5-862K (open diamond),
Oshima-IC/sofjin3’-UTR_vari (open square), Oshima-IC/sofjin3’-UTR_core (open circle),

and Oshima-IC-pt (closed circle).
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Oshima-IC-pt

SL4

Sofjin-1C-pt

SL1

SLS

Fig.6

SL6

Fig.6 The RNA secondary structures of the variable region (10377-10757 nucleotide of

Oshima and 10377-10550 nucleotide of Sofjin) were predicted by RNAfold

(http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi). Six stem loop (SL) structures (SL1-6) were

observed in the variable region of Oshima-IC-pt and 3 SL (SL1, SL5 and SL6) were

observed in Sofjin-IC-pt.
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Fig.7

Fig.7 Effect of deletion and insertion of polyA sequence in the variable region.

(a) Schematic representation of the genome of recombinant viruses. Oshima-I1C/sofjin_vari

was used as a mutant virus with deletion of the region including SL2-4; Oshima_dSL2/3/4.

Oshima_dSL2/3 and Oshima_dSL4 have a deletion of the region of SL2-3 or SL4,
respectively. Oshima_polyA has insertion of 35 adenine (polyA) in the position of deletion
in the variable region of Sofjin. (b) Growth curve of each virus in NA cells. NA cells were
infected with each virus at a MOI of 1. Viral titers at each time point were determined in
BHK-21 cells. The data are the means=SD of three independent experiments. *At 24 hpi
and 48 hpi, significant differences were observed between Sofjin-IC-pt and the other
viruses (p<0.05). No significant difference between Oshima-IC-pt and each mutant virus
was observed. (c) Survival of mice inoculated with Sofjin-IC-pt, Oshima-IC-pt and the
mutant viruses. Mice were inoculated subcutaneously with 1,000 pfu of Sofjin-IC-pt

(closed square), Oshima_dSL2/3/4 (closed triangle), Oshima_dSL2/3 (open triangle),

Oshima_dSL4 (closed diamond), Oshima_polyA (open diamond) and Oshima-IC-pt (closed

circle).
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Fig. 8 Effects of the replacement of the variable region on viral multiplication in organs.
Mice were infected with 1,000 pfu of Sofjin-IC-pt, Oshima_dSL2/3/4, Oshima_dSL2/3,
Oshima_dSL4, Oshima_polyA and Oshima-IC-pt. Virus titers in the blood (a), spleen (b),
and brain (c) at the indicated days after infection were determined by plaque assays. The
horizontal dashed lines indicate the limits of detection for the assay (100 pfu/mL). Error
bars represent the SD (n=3). At 9 days p.i., number of mice infected with Sofjin-IC-pt or
Oshima_polyA was 2 because of the death before the time point. An asterisk (*) or dagger
(+) denotes a significant difference compared with or Sofjin-pt-IC and Oshima-IC-pt,

respectively (p <0.05).
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Fig. 9 Histopathological features in the brain of mice at 9 days after subcutaneous

infection.

Mice were infected with 103 pfu of Oshima-IC-pt ((a), (b)) or Sofjin-IC-pt ((c), (d)) and

Fig.9

Oshima-dSL2/3/4 ((e), (f)). TBEV antigens were detected using E-protein-specific antibodies

(brown signal in left columns). Non-suppurative encephalitis including perivascular cuffing

(arrowhead) was observed in mice infected with each virus (right columns).
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Fig. 10 TBEV produced subgenomic flavivirus RNA (sfRNA).

Fig.10

BHK-21 cells were infected with each virus and harvested at 48 hpi. The cells were lysed

and RNA was extracted. The total RNA (4 ng) were loaded into each well and genomic

RNA (gRNA) and sfRNA were detected by Northern blotting, using a DIG-labeled probe to

detect the 3-UTR.
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Fig.11

Fig.11 The deletion in the variable region did not affect IFN-mediated antiviral
response.

SYM-1 and NA cells were transfected with 1 pg of pISRE-Luc Cis-Reporter Plasmid or
4 X IRF-3-Luc reporter plasmid, respectively. At 24 hpi, the cells were inoculated with
each viruses (NC: negative control). To activate ISRE promoter, NA cells were treated
with 500 U/ml mouse IFN-a at 24 hpi (PC: positive control), and three hours after the
treatment, the NA cells were harvested. The SYM-1 cells were collected at 48 hpi. The
cells were lysed and the luciferase activities were measured. The data are presented
as means (% the SD) of three independent replicates. Asterisk (*) and (**) denote a

significant difference (p<0.05 or 0.01).
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SUMMARY

Tick-borne encephalitis virus (TBEV) is maintained among ticks and mammals
in nature, and human can be infected with tick bite. Although about 10,000 cases have
been reported annually in European countries and Russia, there is no attenuated live
vaccine and anti-viral therapy. The virulence of TBEV varies among the strains.
However, the mechanism of the viral pathogenicity is unknown. To clarify the
mechanism, I tried to identify the virulence factors by reverse genetics, using two
different virulence viruses of the Far-Eastern subtype of TBEV; a highly pathogenic
strain Sofjin-HO and a low pathogenic strain Oshima 5-10. I found that the variable
region of the 3-UTR is a critical virulence factor and the deletion in the variable region
affected the different virulence in mice. Partial deletions or addition of polyA sequence
in this region of Oshima also increased the virulence to the same level with Sofjin,
although they did not affect the viral multiplication in mice brain and cultured cells.
These mutations did not change the production of subgenomic flavivirus RNA from the
3-UTR, and the induction of interferon (IFN) and IFN-stimulated genes. These data
suggested that the whole conformational structure of the variable region is associated
with the pathogenicity of the Far-Eastern subtype of TBEV by unknown mechanisms.
These findings encourage further research to identify the pathogenic mechanisms of

TBEV and develop prevention and therapeutic strategies for TBE.
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IR UTZRRIZIB W TL, REEIRICEBITHRIER polyA OFF AR RONLHIENHBILTND, L
PAUIR BB R BTS2 30 1T DA FHI O EN T E AT TR, AAFFEICI1TD RNA
YABE TR OFKE S, Oshima #® 3'-UTR variable region MNIZIE, 6 27 stem loop (SL) ##
EPNFEAET DIEN o7, ZDH 5 Sofjin R TIE 2, 3 O 4 & H D SL it (SL2, SL3 &
O SL4) Z KRB L TWD, JiBIE B IZ 31T D AR IR DO FI A~ 5729, Oshima #7226
SL2 J Uf SL3 # & Lo Al 803 SL4 28 LiEllE T E N KIRS T ARy A L AR
7o ETMDORIZASND polyA BHIEHE ML D BIEMEAZ ST 57280, Sofjin #RD
variable region D KIEFEFTIZ, 35 D polyA A A+F A L= Oshima Kk SRDZE A1
2Z&FRLTe, 2 BD T AL AE Sofjin # )% OF Oshima #%~ 7 AT FHERRL | J5 MR D g
RN 2A TR~ T2, TOFE R, A HBE A LT variable region MZEFEIZLD, WD TA /L ADF
JEMED Sofjin #REFIFEEEIZ EA- T2 RSN, ZO—F T AN TOEFRMEIL, Sofjin
FREEEZL T, Oshima #RK OVERT ANV A THEIIEL, BEEANIZIHNTOD AL AHEFH
PEIZ ER- Lo T2, ABFSERS 705, 3-UTR variable region ~0DZEFE A (2L N TO
AV AIETEME D FEEDTED DR WITH DL vV AR IT ORISR T DRSS
EZpolo, FTARFEBN O KR E D RNA BLAIR° RIS Tl ARFEBCEIRD R 95 RNA
D E R IEE DR EE O KRES AL L TV D ZEN TSN,
3-UTR 23 BEhE§ IR T BUE L LT, 3" UTR MOEASIL, 15 DA H—T =y
RIZEEL, WHEMEICEET 22RO T7IE T ANV ATHE SN TUNS subgenomic
flavivirus RNA (sfRNA)Z# H L7z, TBEV OJFEEFRBLCIITD sfRNA OFFFIE~D B 5 K
Ut variable region DFR /Y RIAICL DR AT~ 572 . TBEV (TS S 73528 Ml K OVEk

Jee D AI DI L7Z RNA Z V| AGEIROER 73 B KRB T polyA D A D A HEL sfRNA
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DPFEENDEBE PRI L2 5 DWTHOTA L AIZIBNTE sSTRNA OFEAE B0 E S0 3HE I
72 IR E O BREE X RO en o Tz, ZHIUTA T, Sofjin #£, Oshima #R&K OELED (/L
ARG YLD RN 331 B AL 2 —7 =y (IFN) -B O35 L IFN [ 85 T REO R B
WAL R—=Z =T ATV L2, ZRHDOFEBEIRIF L ORICE | BT R 678
Mol

LA EDAMFZERE Rt i f R TBEV ORI OIRIFMEOFRIEL, DDA /LA
T TR ESIL, ZOF THEFIZ 3-UTR variable region NEE THHZ LN DN E72 T2,
SBIT variable region SRS D EIKIEIEDS, RENOIFREIEBIAT =X L2 L TR EUIE
G T 2L RS, ZIHLDRAEIL, 5% TBEVAIZLH LT 57T T AL AD TR RESE

SR OEIAL | U7 F 2 R OT i - 16IRIEDO B ICRESERT Db O LHifrEn 5,
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